Individual PCBs and chlorinated pesticides (CHLPs) were determined in water, suspended particles (SPM), sediments, and Asiatic clams to study their bioaccumulation kinetics and evaluate the usefulness of the clams as sentinel organisms. Bioaccumulation depended on the routes of uptake and bioavailability determined by compound hydrophobicity. CHLPs were mainly present in the dissolved phase, showed a positive correlation between the bivalve-water BAFs and Kow's and reached steady-state levels before 70 days in a caging experience. These facts reflect an efficient water-gill partitioning process. In contrast, PCBs were only detected in the SPM, showed esse n ti a I I y KO, in d e pen d en t b iva I ve -sed i m e n t a n d bivalve-SPM BAFs with the lowest values for superhydrophobic heptachlorobiphenyls 174,180, and 170, and did not reach steady-state levels during a 140-day exposure period. This suggests that the uptake was hindered by their stronger affinity for SPM and the interference of steric factors during intestine absorption. Corbicula fluminea are reliable sentinel organisms and showed clear geographical trends along 150 km of the Rlo de La Plata coast: a progressive decrease of PCB levels and more degraded patterns dominated by recalcitrant congeners, i.e., 153, were observed with increasing distance from the major La PIata-Buenos Aires urban center. A size-related trend overlapped with this spatial gradient: older clams usually showed higher levels and a more degraded PCB signature. CHLPs showed less clear geographical trends due to the presence of multiple sources. CHLP patterns showed a strong dominance of chlordan e -re la ted com po u n ds, pa rti c u I a rly transchlordane which was 2-5 times more abundant than the cis isomer. On a temporal scale, from 1986 to 1993, Asiatic clams presented sustained PCB levels but showed a significant decrease of chlordane and DDT, which suggests reduced inputs in recent years.
Introduction
Because of their sedentarism, wide distribution, extensive populations, filtering habits, and capacity to bioaccumulate organic xenobiotics, bivalves have been early recognized as useful sentinel organisms of contamination in aquatic ecosystems ( I , 2) . This led to the implementation of the mussel watch approach, chiefly based on the study of mussels and oysters, first in the U.S. east and west coasts and Australia and recently as a coordinate International Program including Central and South America (3) (4) (5) (6) . Although considerably less developed, the same approach has been employed in freshwater ecosystems using other bivalve species such as Anodonta piscinulis, Dreissena polymorpha, and Asiatic clams (7) (8) (9) (10) . Within the latter group, the successful invader Corbicuhfluminea presents several characteristics that make them very interesting for biomonitoring purposes: long life span, worldwide distribution, high biotic potential, high filtration rates, resistance, and easy collection (11) . Previous works in the Rio de La Plata indicated that C. fluminea, which entered the estuary in the early 1970s, is widely distributed (12, 13) and that it is an efficient bioaccumulator of organochlorine compounds (OCL) (14) .
Based on this previous experience, in 1992 a project was designed to validate the potential use of C. fluminea as a sentinel organism in the Rio de L a Plata. In this paper, we describe the results obtained for polychlorinated biphenyls (PCBs) and chlorinated pesticides (CHLPs) in bivalves collected at seven locations along 150 km of the Argentinean coast of the estuary and in transplanted organisms which have been used to study the bioaccumulation kinetics of these xenobiotics over a 140-day exposure experience.
Study Area and Sampling
The Rio de La Plata is after the Amazon, the second largest River in South America. With a surface of 35 000 km2, a huge drainage basin (more than 3 million h2), and freshwater runoff (16 000-28 000 m3/s), it receives about 80 million t/y of particulated matter from temperate and tropical regions of South America (15) . The first 80 km of the estuary (from Buenos Aires City to La Plata City) is heavily populated, supporting one-third of the total Argentinean population (e33 million). Previous studies in the area demonstrated that the heavily industrialized area near La Plata is an important source of petrogenic and pyrogenic hydrocarbons and chlorinated compounds and that Rio de La Plata fishes and bivalves reflect this heavy load of xenobiotics presenting high levels of PCBs and CHLPs (14, 16' (Figure 1 ). At each site, water (in 12-L containers), integrated surficial sediments (top 0-2 cm, covering the area inhabited by the clams), and bivalves were handcollected along the beach during low tide. About 1000 clams were collected in this field campaign. For the bioaccumulation experiment, 124 bivalves were sampled again in October at MG. A total of 87 organisms was immediately transferred in a plastic cage at a station located at the embouchure of La Plata harbor channel in the Rio de La Plata (Figure 1) . 
Methods
Water samples were refrigerated, and suspended particulate matter (SPM) was separated by filtration of 3-6 L under NP pressure using solvent-rinsed Delrin filter holders and previously extracted Whatman GF-F glass fiber filters (12.5 cm diameter). Filtered water was simultaneously extracted in 6.5-L Erlenmeyer flasks with 250 mL of n-hexane under magnetic agitation. Homogenized sediments were subsampled for the determination of water content (24 h at 110 "C), ignition loss (20 h at 420 "C), grain size analysis (sieve and pipet methods), and extraction of organic compounds. Between 70 and 590 mg dw of SPM and 70 g dw of sediments were extracted (five times) using a 1:4 acetone-petroleum ether mixture and sonication. Bivalves were measured (anterioposterior length), classed into three arbitrary size classes (small: e20 mm; medium: 20-30 mm; and big: '30 mm), and frozen at -20 "C until analysis. Soft bivalve tissues were rinsed with deionized water to remove sand grains, pooled, and homogenized with a stainless steel blender. Aliquots of 5-10 g wet weight were mixed with sodium sulfate (1.5-2 times in wet mass) and, after the addition of aldrin as internal standard, were extracted with the 1:4 acetone-petroleum ether mixture under sonication. The extraction was repeated five times. A 1-mL aliquot of the combined extracts was separated for the gravimetric determination of total lipids, and the rest was evaporated under Nz, redissolved in 10 mL of petroleum ether, and treatedwith concentrated sulfuric acid to remove lipids (17). Further purification and separation of PCBs (fraction 1, 3.5 mL of petroleum ether) and most CHWs (fraction 2,4 mL of 1:4 &chloromethane-petroleum ether) was achieved by microcolumn chromatography using 
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Pasteur pipets filled with 1 g of 3% deactivated silica gel. Quantification of chlorinated compounds was carried out by high-resolution gas chromatography using a Shimadzu GC-7AG gas chromatograph equipped with a 0.25 mm x 30 m SPB-5 silica column, a split-splitless injector (splitt ratio = 8), and an electron capture detector operated at 320 "C. The column temperature was programmed from 135 (1-min hold) to 295 "C (8-min hold) at 3.5 "Clmin. PCB congeners were quantifiedwith individual response factors for each resolved peak calculated using a 1:l:l mixture of Aroclors 1242,1254, and 1260 and the published complete composition of the formulations (18) . These response factors were compared with those calculated from solutions of 15 individual congeners (CLB1) purchased from the Marine Analytical Chemistry Standards Program of the Canadian National Research Council. The results were fairly comparable with somewhat higher responses (average 13%) for the CLBl mixtures. This discrepancy is probablyrelated to the effect of coeluting congeners in the Aroclor mixture (1 9) . As these mixtures are the origin of the residues found in the environment which also present several coeluting peaks, it was considered that quantification using Aroclorderived response factors was more accurate. Identification and quantification of CHLPs were carried out with a standard solution of 14 pesticides (a-,#?-, and y-BHC, HCB, heptachlor, heptachlor epoxide, trans-chlordane, cis-chlordane, DDE, DDT, TDE, dieldrin, endrin, and metoxichlor).
A solution of technical chlordane was used to identify transnonachlor, which was quantified using the response factor of chlordanes. Standards were passed at least once during each working day and usually twice, at the beginning and end of the day. Bivalve samples were analyzed as duplicate or triplicate depending on the availability of material. The reproducibility of the analytical method averaged 12% for total PCBs and 17% for total CHLPs (RSD). Figure 2 show representative chromatograms of PCBs and CHLPs in clams.
Results and Discussion
1. Partitioning of OCLa in Water, SPM, and Sediments. Tables 1 and 2 show the concentrations of PCBs and CHLPs in these three compartments. Most CHLPs were detected only in the dissolved phase where total concentrations ranged from 1.2 to 5.3 ng/L; DDTs were the sole pesticides found in the SPM (6.0-68 ng/g; Table 1 ). In contrast to most CHLPs, PCBs were always below the detection limit in the dissolved phase but were clearly present in the SPM at levels ranging from 5.3 to 54.2 ng/g ( Table 2 ). This preferential partitioning of PCBs in the SPM is related to their high hydrophobicity and strong affinity for fine particles. In major European rivers, the distribution coefficients (&) SPM-water of individual PCBs ranged between lo4 and lo6 (20) . Assuming a maximum dissolved PCB concentration equal to our detection limit for the Aroclor mixture (%l ng/L) and taking the average PCB level in SPM (27 nglg), the ICd estimate would be 22.7 x lo4. The detection of PCBs in the particulated phase was probably enhanced by the retention of very small particles enriched in organic matter (SPM ignition loss: 7-32%) and PCBs (20) . The nominal cutoff of GF/F filters must have been considerably lower than 0.7 pm after filtration of a few milliliters of No de La Plata turbid waters (44-260 mg SPM/ L). The detailed composition of SPM has not been examined, but previous studies indicated that in common with other turbid rivers it is dominated by silt-sized minerals with a strong contribution of terrestrial detritus and a comparatively lower abundance of planktonic organisms. The dominance of CHLPs, especially of BHCs, in the dissolved phase is not unexpected considering the usually higher water solubility of these compounds and the abundance of dissolved organic matter in Rio de La Plata waters, which after filtration still displayed a marked yellowish color.
Due to the well-known reduced affinity of chlorinated compounds with coarse sediments, PCB concentrations are much lower (0.05-2.4 nglg; organisms exposed to polluted effluents (7). Zebra mussels (Dreissenu polymorphu) collected along the Mosel River presented similar PCB levels (2.5-10 ?pg/g of lipids) (10) whereas in Lake CrBteil, Paris, the same organisms presented much higher PCB (25-57 pg/g of lipids) and CHLP concentrations 3. Bioaccumulation Factors. The bioaccumulation factors (BAF) of bivalves with respect to water (average: 130 600 for lindane and 7 373 000 for trans-chlordane), sediments (380-9700 for total PCBs), and suspended particulate matter (9.2-39 for total PCBs) confirm that Asiatic clams are efficient OCLconcentrators. This is related to their relatively high lipid contents (5-16% dry weight) and the marked hydrophobicity of the compounds analyzed. As expected, the lipid-based bivalve-water BAFs are the highest, and they rise with increasing octanol-water partition coeficients (KO,) of the compounds (22, 23) (log BAF = 0.46 & , + 3.59, R2 = 0.90, n = 6 at Quilmes; Figure   3A ). Heptachlor was excluded from the calculations because the BAF is extremely low, possibly reflecting the biodegradation of the pesticide by the clams.
Owing to the higher affinity of PCBs for sediments and especially for SPM, the BAFs calculated with respect to these phases are much lower. At Quilmes, the log bivalve/ sediment BAFs of 19 individual congeners range from 1.9 to 2.8 and show a parabolic form when ploted against &,'s (24) (Figure 3B) . Basically, the same pattern is observed in the bivalve/SPM BAFs plot ( Figure 3C (25) and fishlwater BAFs (26) . This is interpreted as an indication that bioaccumulation is governed by compound hydrophobicity up to log KO, 6 whereas for superhydrophobic molecules other factors such as a lower lipid solubility or steric effects interfere reducing the BAFs (26). take 3-4 years (average growth of 10-15 mm/yr) (11). However, due to the analytical error (lo%), the concentration differences between PL medium and big animals are not significant. More data are needed, especially of tiny larvae, to confirm these results.
Geographical Trends in OCL
The geographical trend of CHLPs is less clear than that of PCBs; although the concentrations are the lowest at PI and the highest at SI, intermediate stations overlap. This confirms that, in contrast to PCBs whose major source is the big La Plata-Buenos Aires urban center, other sources of CHLPs are spread along the coast. Small coastal plantations are abundant in the area and are the most probable source of these residues. The high CHLP levels of the clams collected at PB ( Figure 4B ) are probablyrelated to the contribution of a small rivulet which drains a nearby orchard area. The length-related trend discussed for PCBs is also insinuated in the case of CHLPs. For PL organisms, the regression (CHLPs = 0.07 length + 0.99, R2 = 0.89; Figure   4B ) suggests that CHLPs levels almost quadruplicate from a 0.25 to a 40-mm organism. (Tables 2 and 3 ). The patterns resemble most the Aroclor 1260 formulation in SPM and sediments and the Aroclor 1254 mixture in bivalves, which do not efficiently bioaccumulate higher chlorinated congeners (see section 3). Following the gradient observed for the concentrations, the composition of PCBs show clear geographical trends. In more distant and less polluted stations (PI, MG, and LB), the aging and decay of the PCB signal are evidenced by the depletion of several congeners and the strong dominance of 153 which account for 30-40% of the total (cf with 10-1570 in more contaminated sites). PCB 153 is one of the most persistent congeners and is usually amajor component in environmental samples (27) (28) (29) . This geographic compositional change was reproduced in the bioaccumulation experiment; the proportion of 153 decreased from 35 to 16-18% along the 140-day experience ( Figure 5A ), reflecting the rejuvenation of the PCB signal. The relative increase of major peaks such as PCB 153 in remote sites results in part from the nondetection of some minor congeners. However, the evolution of the ratios of two major recalcitrant hexachlorobiphenyls (153/138) vs clam length ( Figure 6 ) indicates that the main factor which determines the selective persistence of 153 is its inherent recalcitrance. The progressive increase of the ratios (general equation y = 0.060~ + 1.77, R2 = 0.61, n = 17) reflects the selective persistence of 153 during decay with increasing clam age. The geographical trend is also present in the data; less polluted clams from PI, MG, and LB (filled points) present higher ratios (enhanced decay) whereas PB to SI clams show lower values (less alteration). Both regression lines converge close to the Aroclor 1254 ratio (v = 0.069~ + 1.72, R2 = 0.79, n = 7 for PI-MG-LB and y = 0.042~ + 1.59, R2 = 0.61, n = 10 for PB to SI clams), i.e., the geographical differences are attenuated in smaller organisms which have a fresher signature.
The composition of CHLPs in the dissolved phase presents a marked dominance of the more soluble BHCs and lower abundances of chlordanes whereas in the particulated phase DDE is the most abundant component. In Asiatic clams, chlordane-related compounds predominate, accounting for 38-59% of total residues whereas DDTs and BHCs represent 26-43 and 5.4-35%, respectively ( Table 4) . Owing to the already discussed presence of multiple CHLPs sources, the compositional differences along the coast are less clear than for PCBs. Bivalve data suggest a gradual reduction of the relative abundance of y-BHC from PI to SI (Figure 5B) . Chlordane compounds show another interesting trend. Among this group, trunschlordane stands out clearly (19-33% total CHLPs) and is 2.5-5.5 times more abundant than the cis-isomer. Considering that the trunslck-chlordane ratio of a local technical chlordane formulation is about 1.2, similar to those reported in the literature (1-1.4) (30) and to those found in the dissolved phase (1.0-2.3; Table l), these results suggest a 
